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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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DAMPING FORCE CONTROLLING SHOCK
ABSORBER

CROSS-REFERENCE(S) TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2015-0147494, filed on Oct. 22, 2015, in

the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein in 1ts entirety by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mnvention relates to a damping force control-
ling shock absorber, and more particularly, to a damping
force controlling shock absorber, 1n which a pilot passage
and a bypass passage are shared between a cut-out portion
formed 1n a hollow of a pilot disk and a branch groove of a
spool guide, thereby simplifying a passage structure, sim-
plifying a passage adjustment structure of a spool, and
improving productivity and dispersion of products.

Description of the Related Art

In general, a shock absorber i1s installed 1n means of
transportation, such as automobile or the like, and improves
ride comiort by absorbing and damping a vibration or shock
transterred from a road surface during driving.

Such a shock absorber includes a cylinder and a piston rod
installed to be compressible and extendable within the
cylinder. The cylinder and the piston rod are coupled to a
vehicle body, wheels, or axles.

A shock absorber, a damping force of which 1s set to be
low, can improve ride comiort by absorbing a vibration
caused by unevenness of a road surface during driving. On
the contrary, a shock absorber, a damping force of which 1s
set to be high, can improve steering stability by suppressing
a change 1n a posture of a vehicle body.

Therefore, there has been developed a damping force
controlling shock absorber in which a damping force con-
trolling valve capable of appropriately adjusting damping,
force characteristics 1s mounted on one side thereof, such
that the damping force characteristics are approprately
adjusted to improve ride comiort or steering stability accord-
ing to a road surface and a driving condition.

In general, such a conventional damping force controlling,
shock absorber has a structure to select a hard passage and
a solt passage by selectively opening and closing a plurality
of passages formed 1 a spool guide while changing a
position of a spool.

That 1s, a hard damping force or a soft damping force may
be selectively generated by selectively adjusting an opened/
closed state of the hard passage and the soft passage formed
in the spool guide.

To this end, the conventional damping force controlling
shock absorber individually forms the pilot passage for
forming the hard damping force and the soit passage for
forming the soit damping force.

However, 1n the conventional damping force controlling
shock absorber, since the hard passage and the soft passage
are 1ndividually formed, the structure of the apparatus
becomes complicated and dispersion may occur during mass
production. Due to the complicated structure, the assembling,
of the apparatus 1s difficult, resulting 1n an increase 1in
manufacturing costs.
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As the prior art document related to the present invention,
Korean Patent Application Laid-Open No. 10-2009-

0003019 (Jan. 9, 2009) discloses a damping force control-
ling shock absorber.

SUMMARY OF THE INVENTION

An aspect of the present invention 1s to provide a damping
force controlling shock absorber, 1n which a pilot passage
and a bypass passage are shared between a cut-out portion
formed 1n a hollow of a pilot disk and a branch groove of a
spool guide, thereby simplifying a passage structure, sim-
plifying a passage adjustment structure of a spool, and
improving productivity and dispersion of products.

Another aspect of the present invention 1s to provide a
damping force controlling shock absorber, in which a pilot
passage 1s formed 1n an outer peripheral surface of a spool
guide so as to be easily applied to a product, and a pilot
chamber and a bypass passage are configured in parallel
such that a fluid of the pilot chamber 1s easily discharged,
whereby a high-speed damping force can be stably main-
taimned 1n a soit mode.

Another aspect of the present invention 1s to provide a
damping force controlling shock absorber, in which a pas-
sage 1s formed 1n a coupling portion of a pilot disk and a
spool guide, without forming a passage on a surface of a
pilot disk, thereby improving durability of a valve and
assemblability through a simplified assembly structure.

According to an embodiment of the present invention,
there 1s provided a damping force controlling shock
absorber, which includes a piston dividing a cylinder 1nto a
compression chamber and a rebound chamber 1n a state of
being connected to a piston rod performing compression and
rebound strokes within the cylinder, the piston having a main
passage penetrating therethrough, and a solenoid installed in
the piston rod to move a spool, the damping force control-
ling shock absorber including: retainers respectively dis-
posed on top and bottom surfaces of the piston, wherein a
connection passage 1s formed therein; housings respectively
disposed on opposite surfaces of the retainers to form pilot
chambers on one surface adjacent to the retainers, wherein
a pilot passage 1s formed such that the pilot chambers
communicate with the outside; pilot valves disposed
between the retainers and the housings to form a main
passage such that the pilot valves open the connection
passage during a stroke to move a fluid to the pilot chambers,
and the fluid passing through the connection passage 1is
moved to the compression chamber or the rebound chamber;
a check valve that blocks the pilot passage on opposite
surfaces of the housings and opens the pilot chamber during
a stroke to form a pilot passage such that a fluid of the pilot
chamber 1s moved to the compression chamber or the
rebound chamber; and a spool gwmde that penetrates and
connects to the retainers, the housings, and the pilot valve to
form a bypass passage, wherein a branch groove 1s con-
cavely formed on an outer peripheral surface of the spool
guide so as to branch to the pilot chamber or a guide hole
thereinside when the stroke 1s performed 1n a hard mode or
a solt mode.

The pilot valve may include: one or more first pilot disks
that are arranged in a state ol contacting the opposite
surfaces of the retainers, wherein a first cut-out portion 1s
formed along an inner peripheral surface of a first hollow
where the spool guide penetrates and connects such that the
fluid 1s moved to the pilot chamber; one or more second pilot
disks that support the opposite surfaces of the pilot disks,
wherein a second cut-out portion 1s formed along an inner
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peripheral surface of a second hollow where the spool guide
penetrates and connects such that the fluid 1s moved to the
pilot chamber; and one or more third pilot disks that support
the opposite surfaces of the first pilot disks, wherein a third
hollow 1s formed such that the spool guide penetrates and
connects thereto 1n a state of being spaced, a third cut-out
portion 1s formed along an inner peripheral surface of the
third hollow, and a side surface thereof 1s installed to be

movable 1n a state of tightly contacting an inner wall of the
pilot chamber.

The 1nner peripheral surfaces of the first hollow and the
second hollow may locally tightly contact the outer periph-
eral surface of the spool guide, and the first cut-out portion
and the second cut-out portion may be concavely formed 1n
a direction opposite to the spool guide and are spaced apart
from the outer peripheral surface of the spool guide.

The first cut-out portion and the second cut-out portion
may be formed to have a wave shape along the inner
peripheral surfaces of the first hollow and the second hollow.

The first cut-out portion and the second cut-out portion
may be disposed between an upper end and a lower end of
the branch groove.

The branch groove may be formed corresponding to both
sides of the spool guide 1n a longitudinal direction.

First tapered portions, whose diameter gradually increases
in an upward direction, may be formed 1n an upper portion
of the branch groove, wherein the iner peripheral surfaces
of the retainers are coupled to the first tapered portions 1n a
corresponding shape, and second tapered portions, whose
diameter gradually decreases in a downward direction, may
be formed 1n a lower portion of the branch groove, wherein
the mner peripheral surfaces of the housings are coupled to
the second tapered portions 1n a corresponding shape.

On the outer peripheral surface of the spool guide, a first
passage may be formed toward the compression chamber
with respect to the piston to connect the guide hole and the
compression chamber and 1s opened when the spool 1is
moved to an openming position, a second passage may be
formed at a position of the branch groove toward the
compression chamber with respect to the first passage to
connect the guide hole and the connection passage and 1s
opened when the spool 1s moved to the opening position, a
third passage may be formed toward the rebound chamber
with respect to the piston to connect the guide hole and the
rebound chamber and 1s opened when the spool 1s moved to
an opening position, and a fourth passage may be formed at
the position of the branch groove toward the rebound
chamber with respect to the third passage to connect the
guide hole and the connection passage and 1s opened when
the spool 1s moved to the opening position.

After the fluid 1s moved along the main passage and the
connection passage during the stroke, the main passage may
be formed toward the compression or the rebound chamber
by the opening of the pilot valve; after the tfluid 1s moved
along the main passage and the connection passage during
the stroke, the pilot passage may be formed toward the
compression or the rebound chamber by the opening of the
pilot valve; and after the fluid 1s moved along the main
passage and the connection passage during the stroke, the
bypass passage may be formed toward the compression or
the rebound chamber by the opening of the pilot valve.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front cross-sectional view 1illustrating a com-
pression stroke state 1n a hard mode of a damping force
controlling shock absorber according to the present inven-
tion.
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FIG. 2 1s a front cross-sectional view 1illustrating a
rebound stroke state 1n the hard mode of the damping force

controlling shock absorber according to the present inven-
tion.

FIG. 3 1s a front cross-sectional view illustrating a com-
pression stroke state 1n a soit mode of the damping force
controlling shock absorber according to the present inven-
tion.

FIG. 4 1s a front cross-sectional view illustrating a
rebound stroke state in the soft mode of the damping force
controlling shock absorber according to the present inven-
tion.

FIG. § 1s a perspective view 1llustrating a first pilot disk,
a second pilot disk, and a third pilot disk of the damping
force controlling shock absorber according to the present
invention.

FIG. 6 1s an exploded perspective view illustrating a spool
guide of the damping force controlling shock absorber
according to the present ivention.

DETAILED DESCRIPTION OF EMBODIMENTS

Heremaftter, preferred embodiments of the present mnven-
tion will be described in detail with reference to the accom-
panying drawings.

The advantages and features of the present invention and
methods for achieving them will become more apparent
from the following embodiments that are described 1n detail
in conjunction with the accompanying drawings.

However, the present mmvention 1s not limited to the
following embodiments and may be embodied 1n various
forms. These embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the mvention to those skilled 1n the art. The
scope of the present mvention i1s defined by the appended
claims.

In addition, detailed descriptions of well-known technolo-
gies or the like will be omitted since they would unneces-
sarily obscure the subject matters of the present invention.

FIG. 1 1s a front cross-sectional view illustrating a com-
pression stroke state in a hard mode of a damping force
controlling shock absorber according to the present inven-
tion, and FIG. 2 1s a front cross-sectional view 1llustrating a
rebound stroke state 1n a hard mode of a damping force
controlling shock absorber according to the present inven-
tion.

FIG. 3 1s a front cross-sectional view illustrating a com-
pression stroke state 1n a soit mode of the damping force
controlling shock absorber according to the present inven-
tion, and FIG. 4 1s a front cross-sectional view 1llustrating a
rebound stroke state 1 the soft mode of the damping force
controlling shock absorber according to the present inven-
tion.

FIG. § 1s a perspective view 1illustrating a first pilot disk,
a second pilot disk, and a third pilot disk of the damping
force controlling shock absorber according to the present
invention, and FIG. 6 1s an exploded perspective view
illustrating a spool guide of the damping force controlling
shock absorber according to the present invention.

Referring to FIGS. 1 to 6, the damping force controlling
shock absorber according to the present invention includes
a cylinder 10, a piston rod (not 1llustrated), a piston 20, and
a solenoid 30.

In particular, the damping force controlling shock
absorber includes a pair of retainers 100, a pair of housings
200, a pair of pilot valves 400, a check valve 300, and a
spool guide 500.
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The cylinder 10 1s made to have a cylindrical shape to
form an i1nner space, and the cylinder 10 1s filled with a
working fluid (o1l, etc.).

A separate connection portion (not illustrated) for con-
nection to a vehicle body side or a wheel side may be
installed 1n a lower end of the cylinder 10.

One end of the cylinder 10 and one end of the piston rod
may perform compression and rebound strokes 1n a state of
being respectively connected to the vehicle body side or the
wheel side of the vehicle.

One end of the piston rod (not illustrated) 1s connected to
the piston 20, and the other end of the piston rod extends
outward from the cylinder 10 and 1s connected to the vehicle
body side or the wheel side of the vehicle.

The piston 20 divides the inside of the cylinder 10 mto a
compression chamber 11 and a rebound chamber 12, which
are respectively an upper portion and a lower portion of the
cylinder 10. A main passage 21 passes through the piston 20
in a vertical direction.

The main passage 21 1s divided into a compression
passage for moving a tluid of the compression chamber 11
to the rebound chamber 12 during the compression stroke,
and a rebound passage for moving a fluid of the rebound
chamber 12 to the compression chamber 11 during the
rebound stroke.

A solenoid valve 30 1s connected to the piston rod
disposed inside the cylinder 10 and selectively opens and
closes a hard passage by elevating a spool 31 during driving.

To this end, the solenoid valve 30 may include an oper-
ating chamber 1n which the spool 31 1s elevatably 1nstalled,
and a coil wound around the outside of the operating
chamber.

The pair of retainers 100 are respectively connected to top
and bottom surfaces of the piston 20, a connection passage
110 connected to the main passage 21 passes through the
retainers 100 1n a vertical direction.

The main passage 21 1s divided ito a compression
passage for moving a fluid of the compression chamber 11
to the rebound chamber 12 during the compression stroke,
and a rebound passage for moving a fluid of the rebound
chamber 12 to the compression chamber 11 during the
rebound stroke.

The pair of housings 200 are respectively disposed on
opposite surfaces of the retainers 100, and a pilot chamber
210 1s formed on one surface adjacent to the retainers 100.

A pilot passage 220 passes through the housings 200 1n a

vertical direction such that the pilot chamber 210 commu-
nicates with the compression chamber 11 or the rebound
chamber 12.

The pilot chamber 210 1s opened toward the retainer 100,
and a rubber 430 to be described below 1s installed to be
vertically movable thereinside.

The pilot passage 220 passes through the housings 200 in
a vertical direction so as to move a tluid of the pilot chamber
210 to the compression chamber 11 or the rebound chamber
12.

Check valves 300 are respectively disposed on opposite
surfaces of the housings 200 so as to block the pilot passage
220. The check valves 300 are opened during the compres-
sion and rebound strokes to form a pilot passage for the
compression chamber 11 or the rebound chamber 12
together with the pilot passage 220.

For example, as illustrated 1n FIGS. 1 and 2, the check
valves 300 are opened 1n the hard mode by a force trans-
terred from the pilot chamber 210, and thus, the fluid passing
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through the pilot passage 210 and the pilot passage 220 can
be discharged to the compression chamber 11 or the rebound
chamber 12.

The check valves 300 may be installed 1n a state 1n which
a spool guide 500 to be described below passes there-
through, and the check valves 300 may be provided with a
plurality of disks connected together.

The pilot valves 400 may be disposed between the retain-
ers 100 and the housings 200, may open the connection
passage 110 during the stroke to move the fluid to the pilot
chamber 210, and may form the main passage P1 so that the
fluid passing through the connection passage 110 1s moved
to the compression chamber 11 or the rebound chamber 12.

After the fluid 1s moved along the main passage 21 and the
connection passage 110 during the compression and rebound
strokes, the main passage P1 1s formed toward the compres-
sion chamber 11 or the rebound chamber 12 by the opening
of the pilot valve 400.

To this end, the pilot valve 400 may be provided with one
or more {irst pilot disks 410, one or more second pilot disks
420, and one or more third pilot disks 430.

The first pilot disks 410 are installed 1n a state of con-
tacting opposite surfaces of the retainers 100.

The first pilot disk 410 may have a disk shape with a first
hollow 410 at the center thereof, such that the spool guide
500 to be described below passes through and connects to
the center of the first pilot disk 410.

One or more first cut-out portions 412 are concavely
formed 1n the mnner peripheral surface of the first hollow 411
such that the fluid 1s moved to the pilot chamber 210.

Also, the mner peripheral surface of the first hollow 411
may be locally disposed to tightly contact the outer periph-
eral surface of the spool guide 500 to be described below.

The first cut-out portion 412 1s concavely formed to have
a wave shape along the inner peripheral surface of the first
hollow 411 and 1s disposed spaced apart from the outer
peripheral surface of the spool guide 500.

The second pilot disks 420 are installed 1n a state of
contacting opposite surfaces of the first pilot disks 410.

The second pilot disk 420 may have a disk shape with a
second hollow 421 at the center thereot, such that the spool
guide 500 to be described below passes through and con-
nects to the center of the second pilot disk 410.

One or more second cut-out portions 422 are concavely
formed 1n the 1nner peripheral surface of the second hollow
421 such that the fluid 1s moved to the pilot chamber 210.

The second cut-out portion 422 and the first cut-out
portion 412 form a pilot passage so that the hard damping
force 1s formed together with a branch groove 550 to be
described below, and also forms a bypass passage so that the
fluid 1s discharged to a second passage 520 to be described
below.

That 1s, since the second cut-out portion 422, the first
cut-out portion 412, and the branch groove 550 to be
described below share a partial section of the pilot passage
and the bypass passage with one another, a passage structure
can be simplified and a passage adjustment structure can be
simplified, thereby improving productivity and dispersion of
products.

Also, the mner peripheral surface of the second hollow
421 1s locally disposed to tightly contact the outer peripheral
surface of the spool guide 500 to be described, and the
second cut-out portion 422 1s concavely formed to have a
wave shape along the iner peripheral surface of the second
hollow 421 and 1s disposed spaced apart from the outer
peripheral surface of the spool guide 500.
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The third pilot disks 430 are installed 1n a state of
contacting opposite surfaces of the second pilot disks 420.

The third pilot disk 430 may have a disk shape with a third

hollow 431 at the center thereof, such that the spool guide
500 to be described below passes through and connects to
the center of the third pilot disk 430.

Side surfaces of the third pilot disks 430 are movably
installed while tightly contacting an inner wall of the pilot
chamber 210 described above.

Also, arubber with a hollow 1n a center 1s further provided
under the third pilot disk 430, and the hollow of the rubber
may be formed on the same central axis as the third hollow
431.

In this case, the side surface of the rubber may be 1nstalled
to be movable while tightly contacting the mnner wall of the
pilot chamber 210.

In addition, one or more third cut-out portions 432 are

formed along the 1nner periphery of the third hollow 431.
The third cut-out portions 432 may be formed at the same
positions as the first cut-out portions 412 and the second
cut-out portions 422, and the number of the third cut-out
portions 432 may be the same as the number of the first
cut-out portions 412 and the second cut-out portions 422.

The third cut-out portion 432 1s concavely formed to have
a wave shape along the inner peripheral surface of the third
hollow 431 and 1s disposed spaced apart from the outer
peripheral surface of the spool guide 500.

As such, the third cut-out portion 432, the first cut-out
portion 412, and the second cut-out portion 422 contact one
another to form one vertical passage and are disposed
between the upper and lower ends of the branch groove 550
to form a passage to allow the movement of the fluid.

When the compression and rebound strokes are performed
in the hard mode, the edge portion of the third pilot disk 430
1s opened by a pressure of the fluid moving through the
connection passage 110, and thus, the connection passage
110 communicates with the compression chamber 11 or the
rebound chamber 12.

For example, when the compression and rebound strokes
are performed as illustrated in FIGS. 1 and 2, the edge
portion of the third pilot disk 430 may be bent downward
and opened by the pressure of the fluid moving through the
connection passage 110.

At this time, a main passage P1 1s formed to allow the
fluid to move to the compression chamber 11 or the rebound
chamber 12 through the connection passage 110.

After that, a pressure above a set pressure range 1s formed
within the pilot chamber 210. In this process, the check
valve 300 1s opened to form a pilot passage P2 communi-
cating the pilot passage 220 with the compression chamber
11 or the rebound chamber 12.

After the fluid 1s moved along the main passage 21 and the
connection passage 110 during the compression and rebound
strokes, the pilot passage P2 1s formed toward the compres-
sion chamber 11 or the rebound chamber 12 by the opening
of the pilot valve 400.

The spool gmide 500 may penetrate and connect to the
housings 200 through the retainers 100 and the pilot valves
400 and may have a guide hole 501 having a length 1n a
vertical direction.

A spool 31 1s mstalled 1n the guide hole 501 so as to be
movable upward and downward, and the guide hole 501 may
be opened or closed according to an opening/closing posi-
tion of the spool 31.

For example, when the stroke i1s performed in a state in
which the spool 31 disposed within the guide hole 501 of the
spool guide 500 1s moved to the opening position, a bypass
passage P3 1s formed so that the fluid branched betfore being,

introduced 1nto the pilot chamber 210 to be described below
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1s moved to the compression chamber 11 or the rebound
chamber 12 through the guide hole 501.

In this way, when the guide hole 501 1s opened, the mode
can be switched to the soft mode as illustrated 1n FIGS. 3 and
4. In this case, the bypass passage P3 sharing a certain
passage with the pilot passage P2 may be formed.

After the fluid 1s moved along the main passage 21 and the
connection passage 110 during the compression and rebound
strokes, the bypass passage P3 1s formed toward the com-
pression chamber 11 or the rebound chamber 12 by the
opening of the pilot valve 400.

To this end, a first passage 510, a second passage 520, a
third passage 330, and a fourth passage 540 may be hori-
zontally penetrated on the outer peripheral surface of the
spool guide 500.

The first passage 510 1s formed toward the compression
chamber 11 with respect to the piston 20 to connect the guide
hole 501 and the compression chamber 11, and 1s opened
when the spool 31 1s moved to the opening position.

The second passage 520 1s formed toward the compres-
sion chamber 11 with respect to the first passage 510, and the
second passage 320 may be horizontally penetrated at the
position of the branch groove 350 to be described below.

As such, when the compression and rebound strokes are
performed 1n a state in which the spool 31 1s moved to the
opening position, the second passage 520 connects the guide
hole 501 and the connection passage 110.

The third passage 530 1s horizontally penetrated toward
the rebound chamber 12 with respect to the piston 20 to
connect the guide hole 501 and the rebound chamber 12, and
1s opened when the spool 31 1s moved to the opening
position.

The fourth passage 3540 1s formed toward the rebound
chamber 12 with respect to the third passage 330, and the
fourth passage 540 may be horizontally penetrated at the
position of the branch groove 350 to be described below.

In particular, the branch groove 550 is concavely formed
on the outer peripheral surface of the spool guide 500 so as
to branch to the pilot chamber 210 or the guide hole 501
thereinside when the stroke 1s performed in the hard mode
or the soft mode.

The branch groove 550 may be formed at each of both
sides of the spool guide 500 1n a longitudinal direction, and
a plurality of branch grooves 550 may be formed 1n a
transverse direction of the spool guide 500.

First tapered portions 551, whose diameter gradually
increases 1n an upward direction, may be formed 1n an upper
portion of the branch groove 550.

In this case, the inner peripheral surfaces of the retainers
100 may be coupled to the first tapered portions 551 1n the
corresponding shape.

In addition, second tapered portions 532, whose diameter
gradually decreases in a downward direction, may be formed
in a lower portion of the branch groove 550.

In this case, the inner peripheral surfaces of the housings
200 may be coupled to the second tapered portions 552 1n
the corresponding shape.

As such, the first cut-out portion 412 and the second
cut-out portion 422 are disposed between the upper and
lower ends of the branch groove 550 to form the passage to
allow the movement of the flud.

Heremnafiter, the operation of the damping force control-
ling shock absorber according to the present invention will
be described with reference to FIGS. 1 to 4.

First, when the compression and rebound strokes are
performed 1n a state 1n which the spool 31 1s positioned in
the hard mode, the fluid of the compression chamber 11 or
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the rebound chamber 12 1s introduced through the main
passage 21 of the piston 20 as illustrated 1n FIGS. 1 and 2.

Then, the fluid introduced into the main passage 21 1s
discharged to the compression chamber 11 or the rebound
chamber 12 through the connection passage 110. In this
process, the first pilot disk 420 tightly contacted in a
discharging direction of the connection passage 110 1is
opened to generate a main damping force (main passage P1).

Simultaneously, the fluid introduced into the main pas-
sage 21 flows into the pilot chamber 210 through the
connection passage 110, the first hollow 411 of the first pilot
disk 410, the second hollow 421 of the second pilot disk 420,
and the third hollow 431 of the third pilot disk 430.

In this process, the fluid flows into the pilot chamber 210
through the first cut-out portion 412, the second cut-out
portion 422, and the branch groove 550 of the spool guide
500.

That 1s, the flow rate of the fluid flowing 1nto the pilot
chamber 210 can be controlled by adjusting the size and the
recessed degree of the first cut-out portion 412, the second
cut-out portion 422, and the branch groove 550.

Then, the fluid flowing into the pilot chamber 210 1s
discharged to the compression chamber 11 or the rebound
chamber 12 through the pilot passage 220. In this process,
the auxiliary valve 230 tightly contacting the pilot passage
220 1s opened to generate an additional damping force (pilot
passage P2).

On the other hand, when the compression and rebound
strokes are performed in a state in which the spool 31 1s
positioned 1n the soit mode, the fluid of the compression
chamber 11 or the rebound chamber 12 1s introduced
through the main passage 21 of the piston 20 as illustrated
in FIGS. 3 and 4.

Then, the fluid introduced into the main passage 21 1s
discharged to the compression chamber 11 or the rebound
chamber 12 through the connection passage 110. In this
process, the first pilot disk 420 tightly contacted in a
discharging direction of the connection passage 110 1is
opened to generate a main damping force (main passage P1).

Simultaneously, the fluid introduced into the main pas-
sage 21 flows into the pilot chamber 210 through the
connection passage 110, the first hollow 411 of the first pilot
disk 410, the second hollow 421 of the second pilot disk 420,
and the third hollow 431 of the third pilot disk 430.

In this process, the fluid flows into the pilot chamber 210
through the first cut-out portion 412, the second cut-out
portion 422, and the branch groove 350 of the spool guide
500.

At this time, since the inner peripheral surfaces of the first
pilot disk 410 and the second pilot disk 420 are partially
deformed by the pressure of the fluid, the fluid may be
moved to the pilot chamber 210.

That 1s, the flow rate of the fluid flowing 1nto the pilot
chamber 210 can be controlled by adjusting the size and the
recessed degree of the first cut-out portion 412, the second
cut-out portion 422, and the branch groove 550.

Then, the fluud flowing into the pilot chamber 210 1s
discharged to the compression chamber 11 or the rebound
chamber 12 through the pilot passage 220. In this process,
the auxiliary valve 230 tightly contacting the pilot passage
220 1s opened to generate an additional damping force (pilot
passage P2).

Simultaneously, the soit damping force (bypass passage
P3) i1s formed while the fluid passing through the first cut-out
portion 412, the second cut-out portion 422, and the branch
groove 550 1s discharged to the compression chamber 11 or
the rebound chamber 12 through the second passage 520
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formed at the position of the branch groove 550, the guide
hole 501, and the first passage 510.

Consequently, the pilot passage P2 and the bypass passage
P3 are shared between the first and second cut-out portions
412 and 422, which are formed within the first and second
hollows 411 and 421 of the first and second pilot disks 410
and 420, and the branch groove 550 of the spool guide 500.

Therelore, 1t 1s possible to simplity the passage structure,
simplity the passage adjustment structure of the spool 31,
and 1mprove productivity and dispersion of products.

Also, the pilot passage P2 1s formed on the outer periph-
eral surface of the spool guide 500 so as to be easily applied
to the product, and the pilot chamber 210 and the bypass
passage can be configured in parallel such that the fluid of
the pilot chamber 210 1s easily discharged, whereby the
high-speed damping force can be stably maintained in the
soit mode.

Furthermore, the passage 1s formed 1n the coupling por-
tion of the first and second pilot disks 410 and 420 and the
spool guide 500, without forming the passage on the surface
of the first and second pilot disks 410 and 420, thereby
improving durability of the valve and assemblability through
the simplified assembly structure.

Moreover, the cross-sectional area of the bypass passage
can be increased by forming the wave-shaped first and
second cut-out portions 412 and 422 within the first and
second hollows of the first and second pilot disks 410 and
420, thereby increasing the degree of freedom of the low-
speed damping force reduction in the soit mode

The damping force controlling shock absorbers according
to embodiments of the present invention have been
described, but 1t 1s obvious that various modifications can be
made thereto without departing from the scope of the present
invention.

Therefore, the scope of the present invention should not
be limited to the embodiments described above, and will be
determined by the appended claims and equivalents thereof.

While the embodiments of the present invention have
been described with reference to the specific embodiments,
it will be apparent to those skilled i the art that various
changes and modifications may be made without departing
from the spirit and scope of the invention as defined 1n the
following claims.

DESCRIPTION OF REFERENCE NUMERAILS

10: cylinder 11: compression chamber
12: rebound chamber 20: piston
21: main passage 30: solenoid valve
31: spool 100: retainer
110: connection passage 200: housing
210: pilot chamber 220: pilot passage
300: check valve 400: pilot valve
410: first pilot disk 411: first hollow
412: first cut-out portion 420: second pilot disk
421: first hollow 422: second cut-out portion
430: third pilot disk 431: third hollow
432: third cut-out portion 500: spool guide
501: guide hole 510: first passage
520: second passage 530: third passage

540: fourth passage

551: first tapered portion
P1: main passage

P3: bypass passage

550: branch groove
552: second tapered portion
P2: pilot passage

What 1s claimed 1s:

1. A damping force controlling shock absorber, which
includes a piston dividing a cylinder into a compression
chamber and a rebound chamber 1n a state of being con-
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nected to a piston rod performing compression and rebound
strokes within the cylinder, the piston having a main channel
penetrating therethrough, and a solenoid installed in the
piston rod to move a spool, the damping force controlling
shock absorber comprising:
retainers respectively disposed on top and bottom surfaces
of the piston, wherein a connection channel 1s formed
therein;
housings respectively disposed on opposite surfaces of the
retainers to form pilot chambers on one surface adja-
cent to the retainers, wherein a pilot channel 1s formed
such that the pilot chambers communicate with the
outside;
pilot valves disposed between the retainers and the hous-
ings to form a main passage such that the pilot valves
open the connection channel during a stroke to move a
fluud to the pilot chambers, and the fluid passing
through the connection channel 1s moved to the com-
pression chamber or the rebound chamber;
a check valve that blocks the pilot channel on opposite
surfaces of the housings and opens the pilot chamber
during a stroke to form a pilot passage such that a fluid
of the pilot chamber 1s moved to the compression
chamber or the rebound chamber; and
a spool guide that penetrates and connects to the retainers,
the housings, and the pilot valve to form a bypass
passage, wherein a branch groove 1s concavely formed
on an outer peripheral surface of the spool guide so as
to branch to the pilot chamber or a guide hole there-
inside when the stroke i1s performed 1n a hard mode or
a soft mode,
wherein the branch groove includes:
first tapered portions, whose diameter gradually
increases in an upward direction, 1n an upper portion
of the branch groove, so that the inner peripheral
surfaces ol the retainers are coupled to the first
tapered portions 1n a corresponding shape; and

second tapered portions, whose diameter gradually
decreases 1 a downward direction, 1 a lower por-
tion of the branch groove, so that the inner peripheral
surfaces of the housings are coupled to the second
tapered portions 1n a corresponding shape,

wherein the spool guide includes:

a first passage formed on the outer peripheral surface
thereot; and

a second passage formed on each of the second tapered
portions.

2. The damping force controlling shock absorber accord-

ing to claim 1, wherein the pilot valve comprises:

one or more first pilot disks that are arranged 1n a state of
contacting the opposite surfaces ol the retainers,
wherein a first cut-out portion 1s formed along an inner
peripheral surface of a first hollow where the spool
guide penetrates and connects such that the fluid 1s
moved to the pilot chamber;

one or more second pilot disks that support the opposite
surfaces of the pilot disks, wherein a second cut-out
portion 1s formed along an inner peripheral surface of
a second hollow where the spool guide penetrates and
connects such that the fluid 1s moved to the pilot
chamber:; and

one or more third pilot disks that support the opposite
surfaces of the first pilot disks, wherein a third hollow
1s formed such that the spool guide penetrates and
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connects thereto 1n a state of being spaced, a third
cut-out portion 1s formed along an inner peripheral
surface of the third hollow, and a side surface thereof
1s 1stalled to be movable 1n a state of tightly contacting
an inner wall of the pilot chamber.

3. The damping force controlling shock absorber accord-
ing to claim 2, wherein

the mner peripheral surfaces of the first hollow and the
second hollow locally tightly contact the outer periph-
eral surface of the spool guide, and

the first cut-out portion and the second cut-out portion are
concavely formed 1n a direction opposite to the spool
guide and are spaced apart from the outer peripheral
surface of the spool guide.

4. The damping force controlling shock absorber accord-
ing to claim 3, wherein the first cut-out portion and the
second cut-out portion are formed to have a wave shape
along the mner peripheral surfaces of the first hollow and the
second hollow.

5. The damping force controlling shock absorber accord-
ing to claim 3, wherein the first cut-out portion and the
second cut-out portion are disposed between an upper end
and a lower end of the branch groove.

6. The damping force controlling shock absorber accord-
ing to claim 1, wherein the branch groove 1s formed corre-
sponding to both sides of the spool guide 1n a longitudinal
direction.

7. The damping force controlling shock absorber accord-
ing to claim 1, wherein

the first passage 1s formed toward the compression cham-
ber with respect to the piston to connect the guide hole
and the compression chamber and 1s opened when the
spool 1s moved to an opening position,

the second passage 1s formed at a position of the branch
groove toward the compression chamber with respect
to the first passage to connect the guide hole and the
connection channel and 1s opened when the spool 1is
moved to the opening position,

a third passage, which 1s formed on the outer peripheral
surface of the spool guide, 1s formed toward the
rebound chamber with respect to the piston to connect
the guide hole and the rebound chamber and i1s opened
when the spool 1s moved to an opening position, and

a fourth passage, which 1s formed on each of the first
tapered portions, 1s formed at the position of the branch
groove toward the rebound chamber with respect to the
third passage to connect the guide hole and the con-
nection channel and 1s opened when the spool 1s moved
to the opening position.

8. The damping force controlling shock absorber accord-

ing to claim 1, wherein

after the fluid 1s moved along the main channel and the
connection channel during the stroke, the main passage
1s formed toward the compression or the rebound
chamber by the opening of the pilot valve,

alter the fluid 1s moved along the main channel and the
connection channel during the stroke, the pilot passage
1s formed toward the compression or the rebound
chamber by the opening of the pilot valve, and

after the fluid 1s moved along the main channel and the
connection channel during the stroke, the bypass pas-
sage 1s formed toward the compression or the rebound
chamber by the opening of the pilot valve.
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